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Human <  rodent interspecies hybrids express cell surface molecules derived 
from both parent species and thus have been useful in genetic analysis  of the 
human cell surface (1, 2). The expressed human antigens serve as genetic markers 
that are powerful tools in both  the analysis  and manipulation of the  human 
partial  genome present  in hybrid cells  (2-5),  and have  recently allowed the 
development of a  new technique for genetic mapping of cell surface antigens 
that combines somatic cell genetics and fluorescence-activated cell sorting (6, 7). 
However,  the  mapping  of  differentiation-specific  surface  markers  has  been 
hampered by difficulty in the construction of interspecies hybrids that retain the 
differentiated phenotype. 
The monoclonal antibody A-1A5 recognizes a  cell surface determinant ex- 
pressed on all tested lymphoid cell lines. It is present at high levels on activated 
T  cells  but  is  only  weakly expressed  on  resting  lymphocytes.  Nonactivated 
lymphocytes express  a  single  A-1AS-specified  component  of  130,000  Mr  as 
determined by immunoprecipitation. Several days after activation with mitogen 
or alloantigen, however, two additional subunit  components of  165,000  and 
210,000 Mr are coprecipitated by A-1A5 along with the 130,000 Mr protein (8). 
The appearance of these higher Mr subunits upon T  cell activation occurs after 
the expression of early activation antigens, such as 4F2, the transferrin receptor, 
and the  interleukin 2  (IL-2) 1 receptor (9),  and thus represent late activation 
antigens. The component of highest molecular weight (210,000 Mr) appears to 
be recognized by the monoclonal antibody TS2/7, and thus is immunochemically 
distinct from the 130,000 Mr protein recognized by A-1A5 (10). Further evidence 
is required to demonstrate that the component of intermediate molecular weight 
(165,000 Mr) does not represent a modified form of the 130,000 Mr protein. 
We have recently described (11) the development of a new class of interspecies 
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hybrids that retain expression of differentiation-specific surface antigens during 
continued  cell  culturing.  Using  a  panel  composed  of these  hybrid  lines,  in 
conjunction with selection by the fluorescence-activated cell sorter (FACS), we 
have been able to map the genes for two antigenic markers that were previously 
inaccessible to genetic examination. The A-1 A5 gene has been mapped to human 
chromosome  10 and progress  has been  made in determining the genetic rela- 
tionship  between  the  three  A-1A5-defined  subunits.  Furthermore,  we  have 
mapped  a  determinant  restricted  to  expression  on  hematopoietic  cells  and 
identified by monoclonal antibody A-3A4  to chromosome 4.  This assignment 
represents the first cell surface marker mapped to that chromosome. 
Materials and Methods 
Tissue Culture.  All tissue culture lines used in this study have a lymphocyte  morphology 
and grow in suspension. All unhybridized cell lines were maintained without antibiotics 
in RPMI  1640 supplemented with 10% heat-inactivated fetal calf serum (Gibco Labora- 
tories, Grand Island, NY). The production and maintenance of these human <  mouse 
lymphocyte hybrid lines  that both continue to express lymphocyte-specific cell surface 
antigens and which proliferate in tissue culture have been described (11).  These lines 
were maintained in selection medium consisting of RPMI 1640 supplemented with 10% 
heat-inactivated fetal calf serum, HAT (hypoxanthine, 10  -4 M; aminopterin, 5 X 10  -~ M; 
thymidine, 10  -4 M), ouabain (10 -5 M), and antibiotics. In some cases, medium was further 
supplemented with five half-maximal units of rat  T  cell  growth factor (Collaborative 
Research Inc., Waltham, MA). The human <  mouse hybrids FRY-P1B1  (Frank Ruddle 
Yale-PIB1), FRY-P1B7, FRY-P1B8, and FRY-P1B9 were derived from a PEG 1540 (J. 
T. Baker Chemical Co., Phillipsburg, NJ)-induced fusion of phytohemagglutinin (PHA)- 
pretreated human peripheral blood iymphocytes enriched for T cells and the mouse AKR 
T  lymphoma line BW5147 (11).  The human <  mouse hybrid lines FRY-M3H8, FRY- 
M2BI2, FRY-M3H2, FRY-M3D2, FRY-M3AS,  FRY-M3F2, and FRY-M2E10 were de- 
rived from a PEG 1540-induced fusion of the human leukemic T  cell line MOLT-4 and 
BW5147 (11). 
Monoctonal Ant~odies and Antigen  Immunoprecipitation.  The monoclona] antibody A- 
IA5 has been characterized (8). The monoclonal antibody A-3A4 was derived from the 
same fusion as A-1 A5 using previously described techniques (8). The monoclonal antibody 
TS2/7 immunoprecipitates a subset (210,000 and 130,000 M 0 of the proteins precipitated 
by A-IA5 (10).  Cells from FACS-generated antigenically homogeneous hybrid cell lines 
and hybrid parental lines were Labeled with l~sI. Membrane glycoproteins were extracted 
with  Nonidet  P-40  (NP-40),  immunoprecipitated with the appropriate  antibody, and 
analyzed by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)  as 
previously described (12). 
Karyotype and Isozyme Analyses.  Chromosome preparations were produced by standard 
methods that allowed genetic analysis of individual cells. Metaphase chromosome spreads 
were trypsin banded, treated with Giemsa stain according to the method of Wang and 
Fedoroff (13), and analyzed and photographed using a 63x oil immersion Zeiss objective 
with transmitted light. Isozyme analyses of hybrid populations were carried out using the 
cell preparations and starch gel electrophoresis procedures of Nichols and Ruddle (14) 
and Harris and Hopkinson (15), or the celiogel techniques of P. Meera Khan (16). Most 
isozymes  will  not be  detected if present  in  <10%  of a  cell  population  (14).  Hybrid 
populations were expanded in culture to 4 ×  107 cells, allowing karyotype, isozyme, and 
FACS analyses to be performed on identical populations. This is crucial to the analysis 
since these hybrid lines undergo continual chromosome segregation. 
Indirect Immunofluoreseence Assays and Sterile Cell Sorting.  Fluorescence analysis, specific- 
ity controls, and cell sorting procedures were performed as previously described (17). 
Control supernatants  were  used to provide a  measure of both autofluorescence and 
nonspecific background fluorescence in experimental ceil populations. Cells stained by PETERS  ET  AL.  1443 
indirect immunofluorescence were initially examined for viability using the trypan blue 
dye exclusion test.  Nonviable  cells rarely  exceeded 2%  of the  population.  To ensure 
sterility  in  cell  sorting,  all  tubing  was  extensively  washed  with  7X  detergent  (Flow 
Laboratories, Inc., McLean, VA) followed by 70% ethanol. Sorted cells were collected in 
35 x  10-ram petri dishes containing RPMI 1640 tissue culture selection medium supple- 
mented  with  garamycin  (Schering  Corp.,  Kenilworth,  NJ).  Sorted  populations  were 
reanalyzed ~7-10 d after initial sorting procedures. Nomenclature for the sorted lines is 
Parental line.antigen.number  of selections for (SR  +) or against (SL-) antigen. 
Results 
Chromosome  Mapping of  the A-IA5 Determinant.  12 human < mouse interspecies 
hybrid populations were analyzed by indirect immunofluorescence for expression 
of the A-1 A5 surface determinant. 8 of the 12 hybrid populations derived their 
human partial  genome from the MOLT-4 leukemic parent line, while the other 
4 received their human chromosomes from normal peripheral T  lymphocytes. 
Varying percentages of A-1 A5-positive cells were observed both microscopically 
and by the FACS in four MOLT-4-derived lines and in three hybrid lines derived 
from normal T  cells (Table I). 
The heterogeneous population FRY-M3H8 was sorted with respect to expres- 
sion of the A-1 A5 determinant, producing sublines homogeneously positive and 
homogeneously negative for antigen expression. These lines were expanded in 
parallel and resorted until a maximum level of antigen homogeneity was attained. 
The A-1A5-positive subpopulation reached a maximum level of 88%  homoge- 
neity,  while the negative  subpopulation reached  a  level  of 92%  homogeneity 
(Fig.  1).  These  sorted  tissue  culture  lines  were  designated  FRY-M3H8.A- 
1A5.SL3- and FRY-M3H8.A-1A5.SR8 +, indicating that a total of three sorting 
procedures were required to generate the negative subpopulation whereas eight 
sorts generated the antigen-positive subpopulation (Fig. 1). 
TABLE  [ 
A-IA5 Antigen Gene Mapping 
Percent  Human chromosomes 
Cell lines  A- 1A5- 
positivecens  1  2  3  4  5  6  7  8  9  10  11  i2  13  14  15  16  17  18  19  20  21  22  X 
FRY-M3A5  0  X  X  X  X  X  X  X 
FgY-M3F2  0  X  X  X  X  X  X  X  X  X  X 
FRY-M3H2  27  X  X  X  ~  X  X  X  X  X  X  X  X  X  X 
FRY-M3D2  32  X  ~  X  X  X 
FRY-M2BI2  36  X  X  X  X  X  X  X  X  X 
FRY-PlB7  12  X  X  X  X  X  X  X  X  X 
FRY-PIB8  18  X  X  X  X  X  X  X  X  X  X  X  X 
FRY-PIB9  26  X  X  X  X  X  X  X  X  X  X 
FRY-M3H8  62  X  X  ~  X  X  X  X 
unsorted 
FRY-M3H8  8*  X  X  X  X  X 
A-1A5 3- 
FRY-M3H8  88  X  X  X  X 
A-IA5 8 + 
]sozyme analysis of a series of human <  mouse interspecies lymphocyte hybrid populations  and FAGS-derived, antigenically homogeneous 
subpopulations.  The percentage of cells in the hybrid population expressing the A-1A 5 antigen is presented in parentheses after the cell line. 
Cell  preparations,  starch gel electrophoresis,  and cellogel techniques were performed as described in Materials and Methods.  Cell sorter 
derivation of homogeneous sublines is described in the text. The presence of a  human chromosome as detlned  by isozyme expression is 
indicated by an X. Boxes indicate that human chromosome 10 is the only chromosome fitting the required pattern. 
* The isozymes adenosine kinase (2.7.1.20) and glutamic-oxaMacedc tramaminase (2-6. I. 1), used for the detection of human chromosome 10, 
are not sut"ficientiy sensitive to detect subpepuiations of<l 0% (see Table II). I0001 a.  ~ 1  c  FRY-M3H8 
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DGL'R~  1,  Anatysis and ce]) sorting of human <  mouse hybrid line FRY-M 3H8 for expression 
of the A-IA5 antigen. Ce~ls were stained by indirect immunofluorescence using monoclortal 
antibody A-1A5 or control supernatants (C) and analyzed using the FACS. Photomultiplier 
voltages were converted by logarithmic amplification for disp|ay on the multichannel analyzer. 
Cell sorting criteria are indicated by arrows. (o) FRY-M3HS, (b) FRY-MSH8.A-|AS,SL3-, (c) 
FRY-M3H8.A-IAS,SR8  ÷. PETERS  ET  AL.  1445 
Nine  lymphoid-positive hybrid  lines  and  the  FACS-generated  FRY-M3H8 
sublines were analyzed for the presence of human isozymes to determine the 
identity of retained human chromosomes. Isozyme analyses indicated that all 
human chromosomes, except Y, were present in one or more of the cell popu- 
lations, and that each line examined contained a  unique subset of the human 
genome (Table I). Analysis of the FACS-generated homogeneous subpopulations 
and  the  unsorted parental  hybrid cell lines shows that  only chromosome  10 
segregated concordantly with expression of the A-1A5 determinant (Table I). 
Karyotype data  for  the  A-1A5-positive  and  A-1A5-negative  FACS-derived 
sublines are presented in Table II. Thirty-two individual chromosome spreads 
were analyzed for the A-1A5-positive population while 30 chromosome spreads 
were analyzed for the A-1A5-negative population. Human chromosome 10 was 
detected in 60 and 6.3% of the cells in these populations, respectively. The low 
percentage retention  of chromosome  10  in  hybrid  FRY-M3H8.A-1A5.SL3- 
corresponds  to  the  low  percentage  of A-1A5-positive  cells  detected  in  this 
population. Chromosome 10 was not detected in this hybrid cell population by 
isozyme analysis because of its low frequency representation in the population 
(Table I). Karyotypic analysis  of the MOLT-4 human parent cell line revealed 
TABLE  II 




FRY-  FRY- 
M3H8.AIA5.SL3-  M3H8.A1A5.SR8 + 
1  6.3  0 
2  0  3.3 
3  0  6.7 
4  0  0 
5  0  0 
6  75.0  53.0 
7  0  0 
8  0  0 
9  0  0 
10  6.3  60.0 
11  0  6.7 
12  12.5  3.3 
13  0  3.3 
14  0  0 
15  68.8  33.3 
16  0  3.3 
17  12.5  0 
18  31.3  16.7 
19  0  0 
20  0  0 
21  0  0 
22  0  0 
X  68.8  56.7 
Human chromosomes retained by human <  mouse hybrid cell populations 
as detected by karyotype analysis of Giemsa-banded hybrid cell genomes. 
32 individual chromosome spreads were analyzed for the A-1 AS-positive 
population, 30 for the A-1A5-negative population. 1446  ANALYSIS  OF  HUMAN LYMPHOCYTE-EXPRESSED SURFACE ANTIGENS 
inversions  involving chromosomes  2  and  5,  and extra  genetic material on  the 
long  arm  of chromosome  7  (Human  Genetic  Mutant  Cell  Repository,  IMR, 
Camden, N  J).  None of these  MOLT-4 marker chromosomes were observed in 
the 62 hybrid metaphase spreads analyzed. 
Biochemistry of A-IA5  Antigen on  Parental  and  Hybrid Lines.  Immunopre- 
cipitation of the  A-1A5  antigenic  determinant from the  unhybridized human 
parent T  cell leukemic line (MOLT-4) yielded subunits of 125,000 and 160,000 
Mr (Fig.  2g).  Similar results  (subunits of 130,000  and  165,000  Mr) have been 
reported for the T  cell leukemia line HSB (8). Both of these subunits were absent 
from the unhybridized mouse parent line BW5147 (Fig. 2 a) and from the FACS- 
generated  hybrid subpopulation  FRY-M3HS.A-1A5.SL3-  (Fig.  2c),  neither of 
which express A-1A5. The A-1 A5 antigen immunoprecipitated from the human 
<  mouse hybrid line FRY-M3H8.A-1A5.SR8 + consisted of only the 125,000 Mr 
subunit (Fig. 2 e), indicating that the  160,000 Mr subunit was not present. 
Provisional Chromosome Mapping of the TS2/7 Determinant.  A  monoclonal anti- 
body specific for the  160-165,000  Mr protein present on MOLT-4 (see Fig. 2), 
as well as on activated T  cells, has not yet been identified. Monoclonal antibody 
TS2/7 specifically recognizes the 210,000 Mr protein associated with the A- 1  A5 
FIGURE 2.  ~*SI-labeled  proteins immunoprecipitated by the  monoclonal antibody A-1A5 
from human < mouse somatic cell hybrid lines and from the human and mouse unhybridized 
parental cell lines. The mouse parental cell line (BW5147), human parental cell line (MOLT- 
4),  FACS-generated subline negative for A-1A5 expression (SL3-), and FACS-generated 
subline positive for A-IA5 expression (SR8  +) were labeled with ~'5I, extracted with NP-40, 
and immunoprecipitated with either -2 #g A-1A5 or the negative control, P3, as previously 
described (12). Gel analysis  was on an 8% acrylamide gel in the presence of reducing agent. 
Standards myosin  (200,000 Mr) and phosphorylase  b (92,000 Mr) were used to estimate  relative 
Mr of the immunoprecipitated proteins. Immunoprecipitates with A-IA5 are from BW5147 
(a), SL3- (c), SR8  + (e), and MOLT-4 (g). In control experiments the irrelevant antibody P3 
was used with BW5147 (b), SL3- (d), SR8  + (f), and MOLT-4 (h). PETERS  ET  AL.  1447 
protein  on  activated  T  cells  (10).  Although  this protein  is  not  expressed  on 
MOLT-4 cells (Fig. 2), FACS analysis demonstrated that some MOLT-4-derived 
hybrid cells did express the TS2/7  determinant (Table III).  In contrast, TS2/7 
binding was not observed on any hybrid line whose human parent was normal 
peripheral blood lymphocytes (results not shown). Comparison of TS2/7 reactiv- 
ity  with  the  pattern  of  individual  chromosome  retention  as  determined  by 
isozyme analysis  (Table III) suggests possible map positions for the TS2/7 locus 
on human chromosomes 10 or 15. The ratio of concordant/discordant segrega- 
tion for this antigen and chromosome 10 or 15 is 7:1. A higher discordancy ratio 
is observed for all other chromosomes in this hybrid panel. 
Since the determinant defined by the monoclonal antibody TS2/7  is closely 
associated with that defined by A-1A5,  hybrid cell populations that had been 
sorted for A-1A5 homogeneity were examined for TS2/7 expression. No TS2/ 
7  staining  was  present  on  the  A-1A5-negative  hybrid  line  FRY-M3H8.A- 
1A5.SL3- (partial karyotype, 10-15 +) while hybrid line FRY-M3H8.A- 1A5.SR8 ÷ 
(10 + 15+), which is 88% A- 1A5-positive, displayed staining for the TS2/7 deter- 
minant on ~15%  of the cells (data  not shown).  However,  the TS2/7  antigen 
could not be detected after either TS2/7  (data  not shown) or A-1A5  (Fig.  2) 
immunoprecipitation from  the  hybrid.  All attempts  to  generate  antigenically 
homogeneous hybrid cell populations with respect to the TS2/7  antigen were 
unsuccessful and resulted in uniform loss of TS2/7 reactivity. 
Preliminary  Characterization of the A-3A4 Determinant.  After hybridoma pro- 
duction generated to human T cells, screening by immunoprecipitation revealed 
a monoclonal antibody, A-3A4, that recognized an ~25I-labeled protein (45,000 
Mr) similar in size to  the heavy  chain of HLA-A,B,C antigens (Fig.  4a,  c, f). 
However, unlike HLA, the A-3A4 antigen had no associated light chain. Long- 
term cytotoxic T  lymphocyte lines, T  and B lymphoblastoid cell lines, and the 
monocytoid  line U-937  all expressed  similar A-3A4-reactive  proteins  with no 
apparent size variation.  Nonhematopoietic  HeLa  cells did not  express  A-3A4 
(data  not shown). The cell surface  ~25I-labeled protein immunoprecipitated by 
A-3A4 had estimated Mr of 47,000,  46,000,  and 42,000  on  10, 8, and 5-15% 
TABLE  III 
TS2/7 Antigen Gene  Mapping 
Cell lines  TS2/7 reac-  Human chromosomes 
tivity  1  2  3  4  5  6  7  8  9  10  11  12  13  14  1.5  16  17  18  19  20  21  22  X 
X  X  X  X  X  X  FRY-M3H2  + 
FRY-M3D2  +  X 
FRY-M4B4  -  X 
FRY-M3A5 
FRY-M3F2  +  X  X 
FRY-M2EI0 
FRY-M348  -  X 
A-IA5 3- 
FRY-M3H8  + 
A-IA5 8 + 
X 
X  X 
x  ~"  x 
X 





x~  x 
X 
X 
X  X 
X 
X 
X  X  X 
X  X 
X  X 
X  X  X 
X  X  X 
X  X  X 
X  X 
X  X 
Isozyme analyses of a series of human <  mouse interspecies lymphocyte hybrid populations. The reactivity  of cells in the hybrid population for 
the TS2/7 antigen is presented in parentheses after the cell line. Cell preparations, starch gel electrophoresis, and cellogel techniques were 
performed as described in Materials and Methods. The presence of a human chromosome as defined by isozyme expression is indicated by an 
X. Concordancy of antigen expression and chromosome retention allow provisional assignment of TS2/7 to chromosomes 10 or 15. 1448  ANALYSIS  OF  HUMAN  LYMPHOCYTE-EXPRESSED  SURFACE  ANTIGENS 
gradient gels, respectively. Thus, the A-3A4 antigen was assigned an average 
size  of 45,000  Mr.  In addition to  125I-labeling,  weak metabolic labeling with 
[35S]methionine was observed, indicating that the A-3A4 antigen is biosynthe- 
sized rather  than  acquired or adsorbed from an  exogenous source (Hemler, 
unpublished data). 
Chromosome Mapping  of the A-3A4 Determinant.  12  human <  mouse hybrid 
lines (8  MOLT-4-derived lines and 4  normal peripheral  T  cell-derived lines) 
were examined by indirect immunofluorescence and FACS analysis for A-3A4 
expression. Various percentages of positively stained cells were observed in three 
MOLT-4-derived hybrid lines and in two normal T  cell-derived hybrid lines 
(Table IV). 
The heterogeneous population FRY-P 1B 1 was sorted with respect to expres- 
sion of the A-3A4-determinant, producing sublines homogeneously  positive and 
homogeneously negative for antigen expression.  These lines were expanded, 
reanalyzed, and resorted until maximal homogeneity was achieved. These sorted 
lines were designated FRY-P 1B 1  .A-3A4.SL2" and FRY-P 1B 1  .A-3A4.SR4  + and 
were >99% and 86% homogeneous, respectively (Fig. 3). 
The mouse parent line, the unsorted hybrid lines, and the sorter-generated 
sublines were analyzed for the presence of human isozymes to determine the 
identity of the human chromosomes retained. A comparison of the patterns of 
monoclonai antibody reactivity and of chromosome retention indicates that only 
human chromosome 4 segregates concordantly with A-3A4 reactivity (Table IV). 
Chromosome 18 is present in the antigen-expressing subline and absent in the 
subline not expressing antigen. However, it does not contain the antigen gene 
locus as evidenced by isozyme data from antigen-negative cell lines FRY-B1B8, 
FRY-1B7, and FRY-M3D2. 
Immunoprecipitation of the A-3A4-reactive antigen on the hybrid line FRY- 
P1 B1 is shown in Fig. 4c. The 45,000 Mr antigen from the hybrid cells appeared 
to be essentially the same as that derived from human peripheral blood lympho- 
TABLE IV 
A-3A4 Antigen Gene Mapping 
Percent  Human chromosomes 
Cell line  A-3A4- 
positive cells  1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  X 
FRY-M3D2c  0  X  X  X  X  X 
FRY-P 1B7c  0  X  X  X  X  X  X  X  X  X  X 
FRY-PIB9c  0  X  X  X  X  X  X  X  X  X  X  X 
FRY-M3H2c  77  X  ['~  X  X  X  X  X  X  X  X  X  X  X  X 
FRY-M3H8c  45  ~xXX]  X  X  X  X  X  X 
FRY-M2BI 2c  30  X  X  X  X  X  X  X  X  X 
FRY-PIB8c  18  X  X  X  X  X  X  X  X  X  X 
FRY-PIBIc  24  X  X  ['~  X  X  X  X  X  X  X  X  X 
FRY.P1BI.  0  ~X  X  X  X  X  X 
A*3A4,SL2-" 
FRY-P[~,t.  86  X  X  X  X  X  X 
A-3A4.SR4 + 
lsozyme analysis of a  series of human <  mouse interspecies lymphocyte hybrid populations and  FACSMerived, antigenically homogeneous 
subpopulations.  The percentage of cells in the hybrid population expressing the A-IA5 antigen is presented in parentheses after the cell line. 
Cell preparations,  starch  gel electrophoresis,  and cellogel  techniques  were performed as described  in  Materials and  Methods.  Cell sorter 
derivation of homogeneous sublines is described in the text.  The presence of a  human  chromosome as indicated  by isozyme expression is 
indicated by an X. The chromosome containing the A-3A4 locus most be present in all antigen-positive populations and absent from all antigen- 
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FIGURE 3,  Analysis and cell sorting of human < mouse hybrid line FRY-P1BI for expression 
of the A-3A4 antigen. Cells were stained by indirect immunofluorescence using monoclonal 
antibody A-3A4 or control supernatants (C) and analyzed using the FACS. Photomuhiplier 
voltages were converted by logarithmic amplification for display on the multichannel  analyzer. 
Celt sorting criteria are indicated by arrows. (~z) FRY-PIB[, (b) FRY-PIBI,A-3A4.SL2-, (c) 
FRY-P 1BI.A-3A4.SR4  +  . 1450  ANALYSIS  OF  HUMAN LYMPHOCYTE-EXPRESSED  SURFACE ANTIGENS 
FIGURE 4.  Immunoprecipitation of A-3A4-reactive, l~5I-labeled antigen from hybrids and 
unhybridized parent lines. Immunoprecipitates with A-3A4 are from human peripheral blood 
lymphocytes  (PBL) (a) after 4-d stimulation with PHA (10 g/ml), the hybrid P1B1 (c), MOLT- 
4 (f), and the mouse parent BW5147 (i). The irrelevant antibodies  J-2A2 (b, d, g, j) and A- 
2B2 (e, h) were used to show  background proteins. Standards (k) were phosphorylase  b (92,000 
M,), bovine serum albumin (68,000 Mr), ovalbumin (43,000 Mr), and chromotrypsin (26,000 
Mr), and gel analysis was on a linear 5-15% acrylamide gel in presence of reducing agent. 
cytes (Fig.  4a) or from the human  lymphoblastoid cell line  MOLT-4 (Fig.  4f). 
No A-3A4-reactive protein was immunoprecipitated from the mouse parent line 
BW5147.  Control immunoprecipitations  with the monoclonal antibodies J-2A2 
and A-2B2 are included in Fig. 4 to indicate nonspecific background bands. 
Discussion 
Using the FACS, an antigenically heterogeneous hybrid cell population can be 
fractionated  into  two subpopulations,  each  of which  is  either  homogeneously 
antigen  positive  or  negative  (6).  The  genomes  of such  paired  homogeneous 
sublines  should  differ  from  each  other  only  by  the  human  chromosome  or 
chromosomes responsible for expression of the target cell surface antigen.  Using 
interspecies lymphocyte hybrid lines described previously (11),  we have shown 
that the chromosomal map position of the gene coding for the A-1A5 antigenic 
determinant  lies on human chromosome  10. Concordant segregation of A-1 A5 
with chromosome 10 was seen in hybrid lines derived from the human leukemic 
line MOLT-4, as well as in lines derived from human peripheral blood lympho- 
cytes.  Thus,  the  A-1A5  locus  on  chromosome  10  is  unaffected  by  genomic 
rearrangements  that  may have  occurred  in  the  human  leukemic  parental  cell 
line.  Karyotype analysis of the A-1A5-positive and A-1A5-negative subpopula- 
tions  ruled  out  the  possibility  of  artifactual  isozyme  segregation  caused  by 
fragmentation  of human  chromosomes, and  independently confirmed isozyme 
results by showing concordant segregation  of A-1A5 expression  with an  intact 
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Using the  interspecies lymphocyte hybrid  lines  described,  it  has  also  been 
demonstrated that the chromosomal map position of the gene coding for the A- 
3A4 determinant lies on human chromosome 4. As with the A-1A5 antigenic 
determinant, concordant segregation was demonstrated on hybrid lines whose 
human parent was the leukemic cell line MOLT-4 as well as on hybrid lines 
whose human parent was normal peripheral blood lymphocytes. This assignment 
represents the first cell surface marker to be mapped to human chromosome 4. 
As with the hybrid cell populations sorted for homogeneous expression of the 
A-1A5 determinant, those sorted for A-3A4 expression failed to reach a level of 
100% antigen homogeneity. Repeated selection by sorting failed to generate an 
expressing subpopulation of more than ~86% of the cell line. This supports the 
idea that the lymphocyte hybrids used in these mapping studies have a high rate 
of human  chromosomal segregation  in  which  even  the  short  time  elapsing 
between FACS analyses allows a substantial amount of chromosome segregation. 
In contrast, the low frequency appearance of chromosome 10 (Fig. 2) and A- 
1A5 (Table I) was observed in subsequent analysis of the antigen-negative sorts. 
This suggests that a  subpopulation of hybrid cells containing chromosome 10 
was A-1A5 negative during cell sorting but was able to reexpress the antigen 
due to the presence of the coding chromosome. Such antigenic modulation may 
be a function of cell cycle or growth rate variation. This was not observed during 
the analysis of the A-3A4 antigen. 
A  single-cell  surface  molecule termed  EMP-130  (18)  has  previously been 
mapped to human chromosome 10. Although both the EMP-130 and the A-1A5 
antigens are 130,000 Mr, EMP-130 has not been examined on cells of lymphoid 
lineage and the relationship between these molecules requires further study. 
Two T  cell activation-related components (210,000 and 165,000 Mr) are associ- 
ated with  the  130,000  Mr  A-1A5  antigen on activated T  cells  (8,  10).  The 
component of highest Mr defined by the monoclonal antibody TS2/7 unexpect- 
edly showed low level expression on MOLT-4 X BW5147 hybrids despite being 
unexpressed in the human MOLT-4  parent.  This induction of expression by 
hybridization may be the result of a process paralleling T  cell activation or the 
result of loss of a negative regulator. The pattern of reactivity of the monoclonal 
antibody TS2/7 with eight interspecies lymphocyte hybrid lines whose human 
parent was the leukemic line  MOLT-4  suggested possible chromosomal map 
positions on either human chromosome 10 or 15 (Table III). This antigen could 
also be detected on a small subpopulation of hybrid cell line M3H8.A-1A5.SR8 +. 
However, repeated attempts to generate homogeneous TS2/7-positive cell pop- 
ulations from different hybrid cell lines by the FACS resulted in the loss of TS2/ 
7  expression.  This  suggests that  additional genetically unlinked loci  may be 
involved in the expression of this antigen. It is also possible that hybridization 
stimulates only a  transient  TS2/7  expression on  the  hybrid cell  populations 
examined, or that TS2/7 expression is diminished as a result of interactions with 
the mouse genome. Such epigenetic contributions would make it  difficult to 
assign a chromosomal map position for the TS2/7 locus. 
The 160,000-165,000 Mr component present in the A- 1A5-defined trimeric 
complex (dimeric on MOLT-4) has yet to be defined by a specific antibody and 
therefore has not been directly examined. However, it appears that the 160,000 1452  ANALYSIS  OF  HUMAN  LYMPHOCYTE-EXPRESSED  SURFACE  ANTIGENS 
Mr protein on MOLT-4 originates from a genetic locus not on chromosome 10, 
since this subunit is no longer immunoprecipitated by A-1A5 on hybrid cells that 
retain  this  chromosome.  This  result  is  consistent with  the  finding that  the 
160,000-165,000  Mr protein is immunologically distinct from the 125,000 Mr 
protein, insofar as only the latter bears  the A-1A5-binding epitope (10).  We 
cannot rule out the possibility that epigenetic factors similar to those postulated 
for TS2/7 antigen expression may control expression of the 165,000 Mr protein 
and result in absence of expression despite retention of the appropriate genetic 
locus. These questions will be addressed when a specific antibody to this deter- 
minant is available. 
At present only three antigens are known to be relatively specific for expression 
on activated T  cells. They are the 160,000 and 210,000 dalton subunits of the 
A-1A5-defined complex described above,  and  the  IL-2  receptor of 50,000- 
55,000 Mr (8,  19, 20). It is likely that these antigens play an important role in 
the activation of T  cells.  Thus, the genetic assignment of the A-1A5 locus to 
human chromosome 10 provides information that may play a  role in defining 
events involved in  the processes of cellular activation.  The use of these new 
lymphocyte hybrids to  map genes and determine the linkage relationships of 
complex antigenic structures extends the applications of somatic cell genetics to 
the cell surfaces of human T  lymphocytes. 
Summary 
The genes that  code for  the  human lymphocyte cell surface determinants 
defined by  monoclonal antibodies  A-1A5  and  A-3A4  have  been  genetically 
mapped. All human chromosomes, except Y, were included in a series of human 
<  mouse lymphocyte hybrid populations that retained expression of lymphocyte- 
specific surface  markers.  Expression  of the  A-1A5  and  A-3A4  antigens  was 
quantitated  by  indirect  immunofluorescence and  fluorescence-activated  cell 
sorter (FACS) analysis. Hybrid populations heterogeneous for antigen expression 
were sorted to yield antigenically homogeneous subpopulations. Isozyme analysis 
indicated concordant segregation of the A-1A5 determinant with chromosome 
10, and the A-3A4 determinant with chromosome 4. In contrast to the unhybri- 
dized human parent cell line (MOLT-4), from which A-1A5 immunoprecipitated 
two proteins (160,000 and 125,000 Mr), A-1A5 only immunoprecipitated  a single 
band (125,000 Mr)  from an  A-1A5-expressing human <  mouse hybrid.  The 
genetic disassociation of these two proteins from the A-1A5-reactive complex 
suggests that the appearance of the  160,000 Mr protein requires a  gene locus 
that is unlinked to the locus for the 125,000 Mr protein on chromosome 10. A 
third component of the A-1A5-reactive protein complex (210,000 Mr), which is 
recognized by the monoclonal antibody TS2/7, was not expressed on the parent 
MOLT-4 cells, but was weakly expressed on MOLT-4 < mouse BW5147 hybrids. 
This allowed preliminary mapping of that determinant to either chromosome 10 
or 15. The A-3A4 antigen (~45,000 M 0 is a novel cell surface structure expressed 
on all hematopoeitic cell lines tested, and represents the first cell surface marker 
mapped to chromosome 4. PETERS  ET AL.  1453 
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